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In Ref. [1], we generalized the method introduced in
Ref. [2] to obtain a direct measurement of a quantum
wave-function. The method of Ref. [2] is based on weak
measurements [3] to determine the wave-function. In
Ref. [1] we showed that weak measurements are not nec-
essary and indeed a better direct measurement (in term
of precision and accuracy) of the quantum wave-function
can be obtained by using strong measurements.
Recently, our work received a comment by V. R.
Pande, S. Kanjilal and D. Das (PKD) [4] about a flaw
our method. The argument of PKD can be summarized
in one of their statements:
“we show that certain entities in Eq. (S6)
of their supplemental materials on which the
central claim of their result is based have no
operational existence and are therefore not
experimentally measurable.”
In this reply, we show that their claim is not correct
and that the quantities appearing in our method can be
indeed measured.
As correctly stated in [4], the probabilities needed for
our method (namely P
(x)
+ , P
(x)
− , P
(x)
1 , P
(x)
R and P
(x)
R , de-
fined in the supplementary material of [1]) are calculated
by using the unnormalized pointer wave-function |ϕ〉P
(Eq. (S2)) such as
P
(x)
j = |〈j|ϕ〉|2 , (1)
with j = +,−, 1, R, L and the pointer states defined as
follows
|+〉P = 1√
2
(|0〉+ |1〉) , |−〉P = 1√
2
(|0〉 − |1〉)
|L〉P = 1√
2
(|0〉+ i|1〉) , |R〉P = 1√
2
(|0〉 − i|1〉) .
(2)
In the above equations, {|0〉, |1〉} is a basis for the pointer
Hilbert space. The unnormalized pointer state is defined
as
|ϕ〉P = X〈p0|Ux(θ)|ψ〉X ⊗ |0〉P , (3)
with |0〉P the initial state of the pointer, |ψ〉X the un-
known state whose wave-function will be determined,
Ux(θ) the interaction unitary and |p0〉X = 1√
d
∑
x |x〉
the zero transverse momentum state. Since |ϕ〉 is not
normalized, clearly P
(x)
+ + P
(x)
− = 〈ϕ|ϕ〉 6= 1.
The mistake of PKD is to consider that the quantities
P
(x)
j should be measured on the post-selected quantum
ensemble and that they correspond to conditional prob-
abilities (as in the original proposal [2]).
Indeed, as shown below, the quantities P
(x)
j are not
conditional probabilities but joint probabilities. By defin-
ing |Ψ′〉 = Ux(θ)|ψ〉X ⊗ |0〉P as the joint system-pointer
state after the interaction, it is easy to show that the
probabilities in eq. (1) can be written as
P
(x)
j = |〈j| ⊗ 〈p0|Ψ′〉|2 ≡ ProbΨ′(j, p0) . (4)
The above equation shows that the quantities P
(x)
j rep-
resent the joint probabilities of measuring the system in
the state |p0〉 and the pointer in the state |j〉 after the
interaction. Such probabilities are well defined, can be
measured and thus have “operational existence”.
On the other hand, probabilities measured on the post-
selected quantum ensemble (after the post-selection on
the state |p0〉) are conditional probabilities, and indeed
they can be obtained by Bayes’ rule as
ProbΨ′(j|p0) = ProbΨ
′(j, p0)
P (p0)
=
P
(x)
j
〈ϕ|ϕ〉 . (5)
We note that the normalization factor 〈ϕ|ϕ〉 corresponds
to the probability of post-selection, since
〈ϕ|ϕ〉 = 〈p0|TrP
[|Ψ′〉〈Ψ′|]|p0〉 = Ppost−selection . (6)
The mistake of PKD is claiming that only the condi-
tional probabilities Prob|Ψ′〉(j|p0) can be measured while
the probabilities that are “calculated from an unnormal-
ized pointer state [...] cannot be measured experimen-
tally”. As we have shown in eq. (4), the probabilities
P
(x)
j obtained from the unnormalized state |ϕ〉P are joint
probabilities that can be easily measured in experiments.
By using joint probabilities of eq. (4) it is possible to
show that the wavefunction ψx = 〈x|ψ〉 can be expressed
as
ψx =
d
2ψ˜ sin θ
[
P
(x)
+ − P (x)− + 2P (x)1 tan
θ
2
+
+i(P
(x)
L − P (x)R )
] (7)
with ψ˜ =
∑
x ψx. In the above equation, the normaliza-
tion factor d
2ψ˜ sin θ
does not depend on x, and therefore
it can be determined at the end of the procedure by im-
posing the overall normalization of the wave-function.
It is worth noticing that any experiment designed to
measure the conditional probabilities is also able to mea-
sure joint conditional probabilities.
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